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Abstract - The grain boundary etching method as a technique for assessing
degradation of structural materials used at elevated temperature has received much
attention since it is simple, inexpensive and easy to apply to real plant components.

In this study, the technique is applied to some aged petroleum and chemical plant
components such as reactors and drums. As a degradation parameter, intersection
number ratio (Ni/N,), is employed. The intersection number ratio (Ni/N,) is defined as
the ratio of intersection number (N;) obtained from 5-minute picric acid etched surface
to the number (N,) obtained from Nital etched surface. In order to study degradation
level, several relationships were measured such as the correlation between shift in
ductile brittle transition temperature, (ADBTT)sp and intersection number ratio, (Ny/N,)
and the correlation between the measured (Ni/N,) values and Larson-Miller Parameter
values. _ '
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Table 1. Chemical composition of the test
material(weight percent)

Composi~
tion

wt% |0.13]0.01]|0.42]0.02]|0.2910.12]2.23]1.12

C|SiiMn|P}|S |Ni|Cr|Mo

Table 2. Mechanical properties

Yield Ultimate tensile | Elongation Vickers
strength Hardness
(MPa) strength (MPa) (%) (49N)
305.8 516.5 288 122
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Table 3. Accelerated aging heat treatment
condition of the test material at
630T (2.25Cr-1Mo steel)

Accelerated aging Simulated service
time at 630°C (hr) time at 470C (hr)

32 1,641

129 6,615

330 16,923

630 34,870

1,144 58,666

1,605 82,307

1,820 93,333
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Fig. 1. Increase of the numbers of intersecting points with aging time
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Table 4. Operating history of tested petroleum - chemical plant components

Plant Operating Operating
Components Symbols Location temperature time Material
() (hr)
Unit A o Knock out drum 427 8,000
Unit B O Soaker 470 40,000 2.25Cr-1Mo
Unit C v Reactor 460 180,000 steel
Unit D v Hot shift converter 482 140,000

KIGAS Vol.2, No.1, April, 1998
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Fig. 4. Variation of (4FATT)s, with aging
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Fig. 6. Relation between intersection ratio
and Larson Miller parameter for
2.25Cr-1Mo steel
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Table 5. Results of on-site measurements
of intersection ratio at several
domestic petroleum - chemical plant

components
Plant LMP
Components N/No %103 Symbol
Unit A 0.21 16.73 o
Unit B 0.33 18.28 O
0.49
18.39
0.51
Unit C 0.64 v
1841
0.66
. 054 18.93 ,
Unit D v
0.50 19.01
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